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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the ringing of a 
laser diode output by respectively providing feed- 
forward circuits having a resonance frequency near the 
frequency of an input signal between the output 
terminals of a differential amplifier circuit, where signals 
appear in phase with a signal appearing at the output 
terminal of a level converter circuit . 
SOLUTION: An amplifier 1, to which a source follower SF gLT%— t 
2 composed of field effect transistors FETs 201, 202 and ° 
SF 2 constituted of FETs 301, 302 are connected 
converts other signal into specified level, among 
complementary signals from the amplifier 1. An FET 401 
of a differential amplifier circuit 4 is connected through a 
feed forward circuit FF 6 which has a resonance 
frequency near the frequency of an input signal, and is 
composed of a resistor 601 and a capacitor 602, FET 
402 is connected to SF 2 via FF 5 composed of a 
resistor 501 and a capacitor 502, and a laser diode 406 
is connected to an FET 402. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A semiconductor laser drive circuit which has a level-conversion circuit which is 
characterized by providing the following, and which carries out the level conversion of the 
complementary input signal to predetermined level, respectively, and a differential amplifying circuit 
which drives based on an input signal acquired by level conversion by this level-conversion circuit, and 
passes modulation current to a laser diode An output terminal of said level-conversion circuit A 
feedforward circuit which has resonance frequency near the frequency of said input signal, respectively 
between output terminals of said differential amplifying circuit where a signal which appears in this 
output terminal, and a signal of an inphase appear 

[Claim 2] A semiconductor laser drive circuit characterized by constituting by field-effect transistor in 
claim 1. 

[Claim 3] It is the semiconductor laser drive circuit characterized by said level-conversion circuit being 
a source follower in claim 2. 

[Claim 4] A semiconductor laser drive circuit characterized by having a circuit which generates said 
complementary signal from a single phase input signal in claim 1 . 

[Claim 5] It is the semiconductor laser drive circuit characterized by said field-effect transistor being 
GaAs-MESFET in claim 2. 

[Claim 6] A semiconductor laser drive circuit characterized by the highest clock frequency exceeding at 
least 1.0GHz in claim 1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the semiconductor laser drive 

circuit which drives a laser diode. 

[0002] 

[Description of the Prior Art] Since the start/falling became overshoot, undershoot, and a wave without 
phosphorus GINKU dully when LED (light emitting diode) was used as a load, generally although 
[ LED ] high-speed operation is not turned to, high-speed operation of the LED could be carried out 
now. As a circuit which carries out high-speed operation of the LED, what is indicated by Japanese 
Patent Application No. No. 222740 [ eight to ] is known, for example. The example of a circuit 
indicated by Japanese Patent Application No. No. 222740 [ eight to ] is shown in drawing 3 . The input 
of this circuit is usually a single phase signal. This single phase signal is mutually changed into a 
complementary bi-phase signal by amplifier 3001. The input/output terminals of an inphase are 
connected by capacitors 3005 and 3006 among the input of amplifier 3002, and the output, respectively, 
the cathode of LED3003 is connected, the equivalent resistance of LED3003 and the dummy resistor 
3004 of comparable resistance are connected to the output terminal of another side, and, as for 
LED3003, the balance of current is taken at one output terminal of amplifier 3002. Voltage-current 
conversion of the complementary bi-phase signal is mutually carried out by this amplifier 3002 from 
amplifier 3001, the acquired current flows to LED3003, and LED3003 emits light. 
[0003] Since a high-frequency component is contained in the start and the fall edge of the pulse signal 
when an input signal is a pulse signal, only the start and a fall will bypass amplifier 3002, it will act to 
LED3003 as feedforward, and the start in the case of an LED load and wave-like **** at the time of a 
fall will be amended. 
[0004] 

[Problem(s) to be Solved by the Invention] When it replaces with LED3003 of this circuit and a laser 
diode is used, the case where LED which is a capacitive element is used is different, it will originate in 
the inductance of the laser diode which is an inductance nature element, and the capacity (namely, 
capacitors 3005 and 3006) of a feedforward circuit, the start and the fall of a pulse will become steep too 
much, and overshoot, undershoot, and a ringing will increase. Therefore, to the laser diode, this 
feedforward circuit was not an effective means. 

[0005] The equal circuit of a load is not determined by only the laser diode and the parasitism 
inductance of the bonding wire between a laser diode and a drive circuit, the parasitic capacitance of a 
bonding pad and an earth electrode, etc. are intricately related to a laser diode drive circuit. Especially 
on the frequency exceeding 1GHz, the disregarded effect of these parasitic elements is notably reflected 
in actuation of a laser diode in the frequency of 1 GHz or less. Furthermore, however the output 
capacitance contained in the drive circuit itself may also contribute and it may make small the 
inductance component and junction-capacitance component of a laser diode, effect of these parasitic 
elements cannot be removed, but a ringing appears in the output of a laser diode. 
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[0006] The purpose of this invention solves the above troubles and is to offer the semiconductor laser 

drive circuit which can control the ringing of a laser diode output. 

[0007] 

[Means for Solving the Problem] A level-conversion circuit which carries out the level conversion of the 
input signal with a complementary semiconductor laser drive circuit of this invention to predetermined 
level, respectively, It sets to have a differential amplifying circuit which drives based on an input signal 
acquired by level conversion by this level-conversion circuit, and passes modulation current to a laser 
diode. It has a feedforward circuit which has resonance frequency near the frequency of said input 
signal, respectively between an output terminal of said level-conversion circuit, and an output terminal 
of said differential amplifying circuit where a signal which appears in this output terminal, and a signal 
of an inphase appear. 

[0008] A field-effect transistor can constitute a semiconductor laser drive circuit of this invention, and a 
level-conversion circuit can be made into a source follower. 

[0009] A semiconductor laser drive circuit of this invention can be equipped with a circuit which 

generates a complementary signal from a single phase input signal. 

[0010] A field-effect transistor can be made into GaAs-MESFET. 

[001 1] The highest clock frequency can exceed at least 1.0GHz. 

[0012] 

[Embodiment of the Invention] Drawing 1 shows the gestalt of 1 operation of this invention. This is the 
example of the final output stage of a laser diode drive circuit. In drawing 1 , 1 is amplifier and changes 
a single phase input signal into the signal of two complementary phases. 2 is a source follower, is 
constituted by FET (field effect transistor)20 1,202, and changes the level of one signal of the 
complementary signals from amplifier 1 into predetermined level. 3 is a source follower, is constituted 
by FET301,302 and changes the level of the signal of another side of the complementary signals from 
amplifier 1 into predetermined level. Although these level conversions are realized on the voltage (Vgs) 
between the gate-sources of a source follower FET, in addition to this, two or more diodes by which 
forward direction connection was made can be connected to a serial, and the forward voltage drop of 
diode can also be used for the source of FET. Gate length is 0.8nm and the gate width of 
FET201,202,301,302 is 180 micrometers. The power consumption of source followers 2 and 3 is 
determined by the operating current control signal (bias voltage) inputted into the gate of FET202,302 
connected to the negative side power supply. 

[0013] 4 is a differential amplifying circuit, makes common connection of the source of FET401,402, 
and connects it to a negative side power supply through FET403 which passes the current [ source / 
this / that made common connection ] according to a modulation current control signal, and the drain of 
FET401 is a bonding wire (since the path adopted the thin gold streak or the aluminum wire which is 20 
micrometers - about 150 micrometers as a bonding wire, these bonding wires have an about 1 nH/mm 
parasitism inductance.), drawing 1 - as the parasitism inductor 404 — illustrating - **** — it minds, 
and has connected with the positive side power supply, and the drain of FET402 is connected to the 
positive side power supply through the bonding wire (to drawing 1 , it has illustrated as a parasitism 
inductor 405), and the laser diode 406. 

[0014] FET401 is connected to the source follower 3 through the feedforward circuit 6 constituted by 
the resistance 601 and the capacitor 602 in which the drain carried out series connection, and the gate is 
connected to the source follower 2. 

[0015] FET402 is connected to the source follower 2 through the feedforward circuit 5 constituted by 
the resistance 501 and the capacitor 502 in which the drain carried out series connection, and the gate is 
connected to the source follower 3. Since the output signal of source followers 2 and 3 is 
complementary, while one FET of FET40 1,402 is turned on, only when only FET from which FET of 
another side was turned off and turned on flows, the modulation current determined by FET403 flows 
and FET401 is turned on, current will flow and emit light to a laser diode 406. 

[0016] As resistance 501,601, 100-ohm resistance was adopted and the 0.7pF capacitor was adopted as a 
capacitor 502,602. In case resistance 501 and the capacitor 502 of the feedforward circuit 5, and 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



1/22/2004 



Page 3 of 4 



resistance 601 and the capacitor 602 of the feedforward circuit 6 create IC (integrated circuit) which 
constitutes a semiconductor laser drive circuit, they can be formed in the same process. Resistance 
501,601 can be created by setting the aspect ratio of a pattern to 1:5 using the impregnation resistance 
(sheet resistance is about 500ohm/**) which used the ion-implantation layer. Moreover, even if it uses 
the metal resistive layer (lOohm/** thru/or lOOohm/**) which carried out thin film formation of the 
metallic materials with large resistance (NiCr, TaN, etc.), it can create. A capacitor 502,602 is MIM 
(when a metal-insulator-metal capacitor (about 0.08 fF/mu m2) is used, 0.7pF can be realized in 
90micrometerx90micrometer area, and **** for junction capacitances of diode can also be created.) 
which used the interlayer insulation film of a wiring layer. 

[0017] 7 is a bias current control circuit, the drain is connected to the cathode of laser 406 through the 
bonding wire (to drawing 1 , it has illustrated as a parasitism inductor 701), the source is connected to 
the negative side power supply, and FET702 carries out the bias current of a laser diode 406 near the 
luminescence threshold current based on the bias current control signal supplied to the gate. 
[0018] FET whose gate length is 0.8 micrometers and whose gate width is 800 micrometers is used, 
respectively as FET401,402 of the differential amplifier 4, and FET702 of the bias current control circuit 
7. Thus, although gate width can be lengthened and big current can be passed now, the output 
capacitance resulting from the junction capacitance of FET is also large. The about several pF junction 
capacitance of FET40 1,402 exists. 

[0019] Next, actuation is explained. A bias current is in the condition by which is controlled by FET702 
and bias is carried out near the luminescence threshold current, and if a single-phase input signal is 
inputted into amplifier 1, the input signal of this single phase will be changed into the signal of two 
complementary phases for a laser diode 406 by amplifier 1. The signal of two obtained complementary 
phases is changed so that one side may suit the input voltage of a differential amplifying circuit 4 by the 
source follower 2, it is inputted into a differential amplifying circuit 4, it is changed so that another side 
may suit the input voltage of a differential amplifying circuit 4 by the source follower 3, and it is 
inputted into a differential amplifying circuit 4. Since the signal inputted into the differential amplifying 
circuit 4 is a complementary signal, when one FET of FET40 1,402 of a differential amplifying circuit 4 
is turned on, the modulation current determined only as FET from which FET of another side was turned 
off and turned on by FET403 flows. Therefore, only when FET402 is turned on, current will flow to a 
laser diode 406 and outgoing radiation of the laser beam will be carried out to it from a laser diode 406. 
[0020] Here, when the feedforward circuits 5 and 6 are not formed, it will originate in the junction 
capacitance of FET401,402 of a differential amplifying circuit 4, the start and the fall of a pulse will 
become blunt, and, moreover, a ringing etc. will occur by resonance with the junction capacitance of 
FET40 1,402 of this differential amplifying circuit 4 that is about several pF, and the parasitism 
inductance of the bonding wire of the about 1 nH/mm differential amplifying circuit 4. The resonance 
frequency by these junction capacitances and the parasitism inductance is set to about several GHz, and 
this resonance frequency is a value equivalent to signal frequency. For example, a continuous line shows 
an example of an output wave at the time of inputting the NRZ (non-return-to-zero) signal with which 
2GHz **** 1 continues to drawing 2 . The scale of an axis of ordinate is arbitrary. 
[0021] On the other hand, as shown in drawing 1 , the feedforward circuits 5 and 6 were formed and 100 
ohms resistance and the 0.7pF capacitor which carried out series connection to this resistance constituted 
the feedforward circuits 5 and 6 from the gestalt of this operation, respectively. Therefore, the resonance 
frequency of the feedforward circuits 5 and 6 is set to about 2. 3 GHz of the value near the frequency of a 
signal. For example, a dotted line comes to show the output wave at the time of inputting the NRZ (non- 
return-to-zero) signal with which 2GHz **** 1 continues to drawing 2 . 

[0022] A ringing is small, although the overshoot of an output wave is larger than a case direction it is 
the case where the feedforward circuits 5 and 6 are inserted so that drawing 2 may show. When the 
feedforward circuits 5 and 6 are not inserted and **** 1 appears continuously, as for the signal which 
signs that the ringing generated in the section of the first logic 1 was continuing even at the section of 
next **** 1 were accepted, and was sent by the lightwave signal transmission system using a laser diode 
406 and a laser diode drive circuit, a bit error rate will increase by the receiving side. On the other hand, 
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since a ringing is controlled so that drawing 2 may show when the feedforward circuits 5 and 6 are 
inserted, it becomes possible to reduce the error rate in an optical transmission system. It is admitted that 
falling time amount becomes short also in the fall wave of a light pulse according to the effect which 
inserted the feedforward circuits 5 and 6. 
[0023] 

[Effect of the Invention] Since it constituted as mentioned above according to this invention as 
explained above, the ringing of an output wave of semiconductor laser can be controlled. 



[Translation done.] 
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/W7Xt«iB»@B7©FET 7 0 2 tLX. frtl* 
tl, y-hfi^0. 8 Mm, y-m*«8 0 0tfraOF 

*t, FETO»**«fcjBHr*a*#*fe**<a:o 
T^S. FET4 0 1. 4 0 &pFg 

[0 0 19] Jfcfc, BASKET*. 1/— S^tf— F 
4 0 6li;H7X««*FET 7 0 2 tCct 0 fflmtStlT 

*BBlK»S©A*BWA**ft*fc. 
A*m*fte*f H2§ l J: 0 ffi*S«fc 2 tt0ff*££BS 

#snfc«*»tt2fto«^tt, -^v-x7 

^ D7 — 2 (Z <fc 0 ^BiiSeiHlK 4 WAAI£l:&^ 5 

fcB**ttS»**HK4K:Aa3**u Wv-X7 

* P 7- 3 tC<fc OMIfrif tilslK 4 OA*«iE^3<fc 5 



(4) 



1 - 2 1 4 7 8 1 



ig|H]&§4CDFET4 0 1 , 4 0 2ro^^©-*©FET 
tfONlZtj.?rzt$> ^©FETtfOF FC&O. O 
NC&ofcFETl3©*. FET4 0 3T'^^t 
W««E*<8fcn-5. ftot. U— tf^-f^-rM 0 61: 
tt, FET4 0 2*<ONI:49fci*l:O*, 

n, u— 4 o 6^eu— tf^taatans 

[0 0 2 0] ddT-. 7^-H7*9-K(Hl?§5 > 6$ 
«l*fc*»ofc*£tt. gntt«Btt40>FET4 0 1. 
4O20»£*»K:fiHl/T. /WXODrJuJfO&iT 
«»0*tH0. -t©±. Il©RpFg«©!gi|jif<IBB4 
OFET40 1, 4 0 2©Jg£g*i. »lnH/mm 
©*»*HHK4©#>7** >y"7-f 

&Kfi. RGHzgglCftO. COAMttRMtft^M 
!SLS:tl^^©<lTS-5„ «^«2GHz©lIlil<ia 
T5NRZ (non-return-to-zero) {t^£A# LfcJf & 

[0 0 2 1] nnC»LT, #*J6©»®T«. Hill 
^fi^lC. 7^-F7*7-FBB5, 6*«»t, 7 

<<-F7*7-fbB5. 6*. -en-en. 100Q© 

ttttt. r©JSfexlCDt?iJSi^bfc0. 7pF©n>x> 
•9-<i:lCiO«fi£Lfe. SEt>T. 7^-F7*7-FBK 
5, 6©«lgraKS:«m^©^S:©jfi^©(i©*?J2. 
3 GH z 2 GHz ©US 1 OflmifctZN 

RZ (non-return-to-zero) ^*A*bfc^^©Ul^ 
jS^tt, B2fc^»T?jRT<fc3K:fc*. 
[0 0 2 2] H2A»6^5«fc-5C. 7-<-F7*7- 



t^. 7-f-F7*7--FB8 5. 6£JfAL&<^« 

ttaitfmtttcBfcftfc&s. sa)©nsi©E 

KT5g£Lfe'J >*y>f1fi. *4>|fta 1 ©EffilcSTfcl 
ltbT^««?«iB»6n. U— tf^*-H4 0 6t 
U~ y-'^-f FB»BB*ffl<r>fc*«*£a*K: i 0 

5£<!:fc&3. 7^-F7*7-FB8&5, 6£ 

ifi^m\Ztti. 7^-H7*7-h*BB5. 6£JfAb 
[0 0 2 3] 

[HPfOl>*ftK9i] 

[01] *56«©-*B©»K*wT:/n5/*HT* 
5. 

[0 2] ffi*ifi^©-t»l2r*-rBT*So 
[0 3] LEDB»BBoa*«S*-r7*nyi'HT* 
-5. 

1 ««» 

2, 3 V-X7*D7- 
4 MlftJSBBB 
5, 6 7W-F7*7-FBB 
7 /W7XB8SBBBB 

2 0 1, 2 0 2, 3 0 1, 3 0 2, 4 0 1, 4 0 2, 7 
0 2 FET 

4 0 6 tf^-f^-F 

5 0 1,6 0 1 »St 

5 0 2, 6 0 2 3>7 f >-f- 



[01] 




(5) 
[02] 
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